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Key indicators: single-crystal X-ray study; T = 298 K; mean a{C~C) = 0.013 A; 
R factor = 0.086; wR factor = 0.217; data-to-parameter ratio = 15.4. 



Experimental 

Crystal data 

[CuCl(C s H 8 N 2 OS)(C 18 H 15 P) 2 ] - 

2CH 4 0 
M r = 867.84 
Monoclinic, Pl^/c 
a = 12.8354 (9) A 
b = 18.4979 (17) A 
c = 18.7933 (18) A 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
7mi„ = 0.794, r miix = 0.901 

Refinement 

R[F 2 > 2a(F 2 )} = 0.086 

wR(F 2 ) = 0.217 

S = 1.07 

7835 reflections 



P = 92.839 (12)° 
V = 4456.6 (7) A 3 
Z = 4 

Mo Ka radiation 
li = 0.71 mm -1 
T = 298 K 

0.34 x 0.27 x 0.15 mm 



22332 measured reflections 
7835 independent reflections 
3113 reflections with / > 2o(I) 
R,„, = 0.143 



510 parameters 

H-atom parameters constrained 
A/w = 1.53 e A~ 3 
Ap mi „ = -0.57 e A -3 



In the title complex, [CuCl(C 8 H 8 N 2 OS)(C 18 H 15 P) 2 ]-2CH 3 OH, 
the Cu 1 ion is coordinated by one chloride anion, one S atom 
from the 5-methoxy-l//-benzimidazole-2(3//)-thione ligand 
and two P atoms from two triphenylphosphine ligands in a 
distorted tetrahedral geometry. One of the N-bound H atoms 
is involved in an intramolecular N— H- ■ CI hydrogen bond, 
while another one interacts with the solvent methanol 
molecule via an N— H- ■ O hydrogen bond. Intermolecular 
O— H- • CI and O— H- ■ O hydrogen bonds link two further 
complex molecules and four solvent molecules into a 
centrosymmetric structural unit. The short distance of 
3.624 (4) A between the centroids of the five- and the six- 
membered rings of two benzimidazole fragments indicates the 
presence of 7T-7T interactions. 

Related literature 

For the structures and properties of Cu 1 complexes with 
triphenlyphosphine ligands, see: Gennari et al. (2006); Kita- 
gawa et al. (1995); Raper (1994). For complexes with a 
5-methoxy-l//-benzimidazole-2(3//)-thione ligand, see: 
Schneider et al. (2008). For related structures, see: Lobana & 
Castineiras (2002). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H- ■ A 


D- ■ A 


D-H-A 


Nl-Hl-CU 


0.86 


2.30 


3.136 (6) 


165 


N2-H2- ■ 02 


0.86 


2.08 


2.893 (9) 


157 


02-H2A- ■ 03' 


0.82 


2.00 


2.728 (10) 


148 


03-H3-C11" 


0.82 


2.35 


3.170 (8) 


176 


Symmetry codes: (i) — x 


f 1, -y-l 


-1, -*;(ii)* + 


l,y,z. 





Data collection: SMART (Bruker, 2007); cell refinement: SAINT- 
Plus (Bruker, 2007); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The author thanks Liaocheng University for the X-ray 
structure determination of the title complex. 



Supporting information for this paper is available from the IUCr 
electronic archives (Reference: CV5442). 



References 

Bruker (2007). SMART, SAINT-Plus and SADABS. Bruker AXS Inc., 
Wisconsin, USA. 

Gennari, M., Lanfranchi, M., Marchio, L., Pellinghelli, M. A., Tegoni, M. & 

Cammi, R. (2006). Inorg. Chem. 45, 3456-3466. 
Kitagawa, S., Kondo, M., Kawata, S., Wada, S., Maekawa, M. & Munakata, M. 

(1995). Inorg. Chem. 34, 1455-1465. 
Lobana, T. S. & Castineiras, A. (2002). Polyhedron, 21, 1603-1611. 
Raper, E. S. (1994). Coord. Chem. Rev. 129, 91-156. 

Schneider, J., Lee, Y. A., Perez, J., Brennessel, W. W., Flaschenriem, C. & 

Eisenberg, R. (2008). Inorg. Chem. 47, 957-968. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 



m60 Qing-Xuan Meng 



doi:1 0.1 107/S1600536814001251 



Acta Cryst. (2014). E70, m60 



supplementary materials 



supplementary materials 



Acta Cryst. (2014). E70, m60 [doi: 10. 1 107/S 160053681400125 1] 

Chlorido[5-methoxy-1H-benzimidazole-2(3H)-thione-A:S]bis(triphenyl- 
phosphane-A:P)copper(l) methanol disolvate 

Qing-Xuan Meng 

1 . Comment 

Cu(I) complexes containing triphenlyphosphine and mercaptan ligands have received much attention in the past, mainly 
because of their interesting coordination chemistry and potential applications in photography, biochemistry and 
enzymatic reactions (Gennari et al, 2006; Kitagawa et al, 1995; Raper et al, 1994). However, only one structure was 
reported for metal-MOBMT complex (MOBMT = 5-methoxy-l//- benzimidazole-2(3//)-thione) (Schneider et al, 2008). 
Herewith we present the crystal structure of new Cu(I) complex with triphenlyphosphine and MOBMT ligands. 

In the title complex, MOMBT act as neutral, monodentate ligand with the S atom as a coordination atom. Other sites of 
the coordination tetrahedron are occupied by two P atoms from two triphenlyphosphine ligands and one halide anion. The 
Cu — S and Cu — P bond distances are similar to those reported in other copper(I) complexes (Lobana et al, 2002). The 
environment around copper(I) is distorted tetrahedral, angles around the Cu atom ranging from 102.1 (1)— 122.0 (1)°. A 
dimer is formed by hydrogen bonds N — H-O, O — H---C1, O — H - 0 between the unit [CuX(thione)(PPh 3 ) 2 ] and the 
solvent methanol molecules. An intramolecular N — H---C1 hydrogen bond is also observed (Table 1). Furthermore, the 
centroid to centroid distance between the parallel five- and six-membered rings of two benzimidazole fragments is 
3.624 (4) A, which suggests an existence of ti—k interactions between them. 

2. Experimental 

Amixture of CuCl (0.2 mmol) and 5-methoxy-l//-benzimidazole- 2(3//)-thione(0.2 mmol) in MeOH and CH 2 C1 2 (10 
mL, v/v =1:1) was stirred for 2 h and triphenylphosphine (0.2 mmol) was added to the mixture which was stirred for 
another 4 h. The insoluble residues were removed by filtration, and filtrate was evaporated slowly at room temperature 
for two weeks to yield colorless crystalline products. 

3. Refinement 

H atoms were positioned geometrically [C — H = 0.93 - 0.96 A, N — H = 0.86 A, O — H = 0.82 A] and refined as riding, 
with C/iso(H) =1.2-1.5 U eq of the parent atom. 

Computing details 

Data collection: SMART (Bruker, 2007); cell refinement: SAINT-Plus (Broker, 2007); data reduction: SAINT-Plus 
(Bruker, 2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the title compound showing the atomic numbering and 30% probability displacement 
ellipsoids. Solvent molecules and H atoms have been omitted for clarity. 

Chlorido[5-methoxy-1H-benzimidazole-2(3H)-thione-ifS]bis(triphenylphosphane-KP)copper(l) methanol 
disolvate 



Crystal data 

[CuCl(C 8 H 8 N 2 OS)(C 18 H 15 P)2]-2CH 4 0 

M r = 867.84 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 12.8354 (9) A 

6 = 18.4979 (17) A 

c = 18.7933 (18) A 

R = 92.839 (12)° 

V= 4456.6 (7) A 3 

Z = 4 

Data collection 

Broker SMART APEX CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
phi and a> scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2007) 
T mm = 0.794, r max = 0.901 



F(000)= 1808 

Z) x = 1.293 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 1965 reflections 

61 = 2.6-18.0° 

ju = 0.71 mnT 1 

T=298 K 

Block, colorless 

0.34 x 0.27 x 0.15 mm 



22332 measured reflections 
7835 independent reflections 
3113 reflections with / > 2a(I) 
Rm = 0.143 

^max = 25.0°, Urmn = 2.6° 

A = -15^15 
k=-\5^2\ 
I = -22^-22 
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Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F- > 2a(F 2 )] = 0.086 

wR(F 2 ) = 0.217 

S = 1.07 

7835 reflections 

510 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0574P) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/o-) max = 0.001 
Ap max = 1.53 e A -3 
Apnin = "0.57 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression of F 1 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Tl *ITI 


Cul 


0.30121 (7) 


0.43378 (5) 


0.23518 (5) 


0.0537 (3) 


PI 


0.47643 (15) 


0.42103 (10) 


0.21637 (10) 


0.0509 (5) 


P2 


0.24071 (15) 


0.44918 (10) 


0.34688 (10) 


0.0531 (6) 


Cll 


0.22504 (15) 


0.32234 (10) 


0.18410(10) 


0.0599 (5) 


SI 


0.22509 (17) 


0.53539 (11) 


0.17178 (11) 


0.0692 (7) 


Nl 


0.1747(4) 


0.4387 (3) 


0.0660 (3) 


0.0563 (16) 


HI 


0.1900 


0.4013 


0.0915 


0.068* 


N2 


0.1489 (5) 


0.5499 (3) 


0.0335 (3) 


0.0628 (18) 


H2 


0.1446 


0.5963 


0.0348 


0.075* 


01 


0.0716(5) 


0.3451 (4) 


-0.1723 (3) 


0.0926 (19) 


02 


0.1114(6) 


0.6996 (4) 


-0.0042 (5) 


0.130(3) 


H2A 


0.0639 


0.6951 


-0.0347 


0.195* 


03 


0.9931 (7) 


0.2825 (5) 


0.1330(5) 


0.158 (4) 


H3 


1.0532 


0.2907 


0.1475 


0.236* 


CI 


0.1816(6) 


0.5083 (4) 


0.0894 (4) 


0.059 (2) 


C2 


0.1233 (6) 


0.5082 (4) 


-0.0262 (4) 


0.058 (2) 


C3 


0.1393 (6) 


0.4368 (4) 


-0.0056 (4) 


0.0524 (19) 


C4 


0.1246 (6) 


0.3797 (4) 


-0.0514(4) 


0.065 (2) 


H4 


0.1378 


0.3324 


-0.0368 


0.078* 


C5 


0.0892 (6) 


0.3957 (5) 


-0.1203 (5) 


0.066 (2) 


C6 


0.0695 (6) 


0.4672 (5) 


-0.1402(4) 


0.070 (2) 


H6 


0.0441 


0.4766 


-0.1865 


0.084* 


C7 


0.0856 (6) 


0.5234 (5) 


-0.0950 (4) 


0.065 (2) 


H7 


0.0719 


0.5707 


-0.1096 


0.079* 


C8 


0.1079 (9) 


0.2732 (6) 


-0.1583 (5) 


0.122 (4) 


H8A 


0.1639 


0.2744 


-0.1225 


0.182* 
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TTOfl 

Hob 


0.1324 


U.2526 


H8G 


0.0518 


0.2444 


C9 


A CAAT /T \ 

0.5097 (7) 


A A AC A 

0.4059 


CIO 


A /"An /T\ 

0.6037 (7) 


A O T A O 

0.3743 


TT1 A 


A A A 

0.6544 


A O £f\C 

0.3605 


Cll 


A A 1 A O / Ct \ 

0.6198 (9) 


0.3640 


T T 1 1 

Hll 


A /"O 1 1 

0.6812 


A O A 1 /" 

0.3426 


C12 


0.5476 (11) 


0.3847 


TT1 1 

H12 


A C/TAf 

0.5605 


A O TTC 

0.3775 


C13 


A A C7A /A\ 

0.4570 (9) 


0.4156 


TT1 1 

H13 


A /I ATA 

0.4079 


A /IIAf 

0.4295 


C14 


A yl TAO /T \ 

0.4393 (7) 


A A^ CO 

0.4258 


TT1 A 

H14 


A O "7 "7 A 

0.3770 


A A A 71 

0.4472 


C15 


0.5550 (6) 


A A AO A 

0.4989 


C16 


0.6271 (6) 


0.5323 


TT1 /• 

H16 


0.6379 


0.5151 


L17 


A £LO A A /T\ 

0.6840 (7) 


A f Al O 

0.5918 


H17 


A IOTA 

0.7320 


A /11A 

0.6139 


C18 


A /"HA1 /T\ 

0.6702 (7) 


0.6179 


H18 


A "7 AO O 

0.7088 


A /TC71 

0.6572 


C19 


0.5988 (7) 


A cor r 

0.5855 


H19 


A C OO C 

0.5885 


A /"AO O 

0.6028 


C20 


0.5415 (6) 


0.5266 


T TO A 


A A AO A 

0.4929 


0.5053 


/~>o 1 
C21 


A C A C O 

0.5458 (6) 


A "> /I C 1 

0.3451 


C22 


A /" 1 o A /n\ 

0.6389 (7) 


0.3535 


T 11 1 

H22 


0.6673 


0.3994 


/~<o o 

C23 


A £. A 1 1 / 0\ 

0.6913 (8) 


0.2926 


t to o 

H23 


A TC A T 

0.7547 


A OAOO 

0.2983 


C24 


0.6496 (8) 


0.2252 


T T1 A 

H24 


0.6857 


0.1849 


r^o c 

C25 


A CC/TO ZO\ 

0.5562 (8) 


0.2171 


T TO C 

H25 


0.5263 


0.1714 


C26 


A C f\C A /T\ 

0.5054 (7) 


0.2761 


H26 


0.4414 


0.2694 


C27 


0.2655 (6) 


A i n A o 

0.3748 


/~*o o 

C28 


A 1 f A1 /T\ 

0.3502 (7) 


a Tin 

0.3323 


T T1 O 

H28 


A O A AO 

0.3908 


0.3396 


C29 


A OTTO /T\ 

0.3773 (7) 


0.2775 


t n a 
Hz 9 


r\ A-i c a 

0.4360 


A O /I O A 

0.2489 


L30 


A O 1 *^0 ZO\ 

0.3162 (8) 


0.2672 


T TO A 

H30 


0.3334 


0.2310 


C31 


A T> A C ZO\ 

0.2305 (8) 


A O AO A 

0.3080 


H31 


0.1894 


0.2996 


C32 


0.2046 (7) 


0.3622 


H32 


0.1455 


0.3902 


C33 


0.2920 (6) 


0.5294 


C34 


0.3381 (7) 


0.5259 


H34 


0.3414 


0.4823 





A O Al O 


A 1 Qlsk 

0.1 oZ^ 




0. 1418 


A 1 OIA 

0.182* 


(A \ 

(4) 


a 1 O/l A ( A\ 

0. 1244 (4J 


0.059 (2) 


(5) 


A 1 A A A S C\ 

0.1044 (5) 


A AOI /O \ 

0.082 (3) 




A 1 OQQ 


A AAA* 


(5) 


A AO 1 O /T\ 

0.0318 (7) 


A A A A /O \ 

0.094 (3) 




A A 1 OA 

U.U180 


n ill* 

0.113 


(6) 


A A 1 1 f i /~\ 

-0.0176 (6) 


A AAC /1\ 

0.095 (3) 




A A/TCO 

U.0O3 j 


n i i 
0. 1 1 J 


(o) 


A AA1 O /£\ 

—0.0013 (o) 


A A A/T /0\ 

0.09o (3) 




A A") /"T 

-0.0367 


A 1 1 Ait 

0.116* 


(4) 


A A7A1 /C\ 

0.0 /02 (5) 


A ATT ZO\ 

0.0/2 (2) 




A AOH 

0.0822 


A Aon* 

0.087* 


( A\ 

(4) 


ft *>A C 1 / ^ \ 

0.2451 (5) 


U.U59 (2) 


(5) 


0.2041 (5) 


A ATI /1\ 

0.073 (2) 




0.1586 


A AOO* 

0.088^ 


(5) 


a n a /i / a\ 

0.2304 (6) 


A AO C /O \ 

0.085 (3) 




A OA1 A 

U.zU19 


A 1 AO* 

0.102* 


(5) 


A 1 A"7 A i /~\ 

0.2914 (6) 


A A O A /") \ 

0.084 (3) 




ft 1 1 /it 
0.3 14 / 


A 1 A1 * 

0.101^ 


v>) 




O.UoZ ) 




A 1 O A 1 

0.3841 


A A AO rfc 

0.098* 


(5) 


0.3126 (5) 


A ATI /T\ 

0.0/3 (2) 




A 1/11 1 

0.3411 


A AO O A 

0.088* 


(A \ 

(4) 


A 0£AO MA 


A ACQ 
U.UD8 (Z) 


(5) 


A 1AO^ /C\ 

0.2985 (5) 


A AO O /O \ 

0.088 (3) 




A TACC 

0.3055 


A 1 A/C* 

0.106* 


(6) 


A 1T71 

0.3271 (6) 


A 1 AA / A\ 

0.109 (4) 




O.J JZD 


ft 1 1 1 # 

0.15 1^ 


(5) 


0.3176 (5) 


A A O A /O \ 

0.089 (3) 




0.3354 


A 1 A/C* 
0.106* 


(5) 


A 0Q1/T /r\ 


0.084 (5 J 




a inn 

0.2779 


A 1 A1 * 
0.101* 


( 5 ) 


U.2539 (4) 


A ATT /1\ 
0.0/2 (2) 




A H AO 

0.2293 


A AO /" 

0.086* 


(4) 


a /ill/: 

0.41 lo (4J 


A ACT /1\ 

0.05 / (2) 


f A\ 

(4) 


A /I AO A / A \ 

0.4029 (4) 


A ATA i'1\ 

0.070 (2) 




U.J039 


A AQ/1 * 


(5) 


A /If 11 /f \ 

0.4521 (5) 


A AO A /O \ 

0.084 (3) 




0.44oo 


A 1 AA* 
0.100* 


(5) 


0.5073 (5) 


A ATA /'~}\ 

0.079 (3) 




A CA AO 


A HOC * 


(5) 


A fir/' { r\ 

U.Moo (5) 


A AO 1 

U.Uol (3) 




0.5551 


0.098* 


(4) 


0.4682 (5) 


0.072 (2) 




0.4742 


0.087* 


(4) 


0.3946 (4) 


0.061 (2) 


(5) 


0.4634 (5) 


0.081 (3) 




0.4881 


0.097* 
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a no* 

0.138* 




C44 


A AC 1 A ZO\ 

0.0514 (8) 


A C A A A i C\ 

0.5090 (5) 


A 1 AO 1 /f \ 

0.3931 (5) 


A A A 1 /"> \ 

0.091 (3) 






A AA1 1 

o.oy 13 


0.5381 


0.4243 


A 1 AA* 
0. 109* 




L45 


A 1 ATA f 1 1 \ 

0.1070 (11) 


0.7687 (8) 


0.0263 (7) 


A 1 O /I i £L \ 

0.184 (6) 




H45A 


A AA/^A 

0.0960 


0.7643 


A at/i 

0.0763 


0.277* 




riHOD 






VJ.UWjO 


A 977* 
u.z / / 




H45C 


0.1714 


0.7936 


0.0199 


0.277* 




C46 


0.9510(12) 


0.2268 (10) 


0.1738 (8) 


0.231 (10) 




H46A 


0.9228 


0.2470 


0.2158 


0.346* 




H46B 


1.0049 


0.1928 


0.1874 


0.346* 




H46C 


0.8967 


0.2026 


0.1461 


0.346* 




Atomic displacement parameters (A 2 ) 




U n U 22 


U 33 


JJ12 


U 13 


U 23 


Cul 


0.0613 (6) 0.0469(6) 


0.0522 (6) 


-0.0002 (5) 


-0.0049 (4) 


-0.0005 (5) 


PI 


0.0540(12) 0.0396(12) 


0.0584 (13) 


-0.0011 (10) 


-0.0033 (10) 


0.0018 (10) 


P2 


0.0631 (13) 0.0440(13) 


0.0516(13) 


0.0016(10) 


-0.0029 (10) 


-0.0023 (10) 


Cll 


0.0783 (13) 0.0395 (11) 


0.0605 (13) 


-0.0042 (10) 


-0.0093 (10) 


-0.0004 (9) 


SI 


0.0936 (16) 0.0418 (12) 


0.0695 (15) 


0.0030 (11) 


-0.0228 (12) 


0.0021 (11) 


Nl 


0.074 (4) 0.038 (4) 


0.056 (4) 


0.002 (3) 


-0.011 (3) 


0.005 (3) 


N2 


0.074 (4) 0.055 (5) 


0.057 (4) 


0.001 (4) 


-0.009 (3) 


0.012 (4) 


01 


0.122 (5) 0.075 (5) 


0.078 (4) 


0.021 (4) 


-0.020 (4) 


-0.010 (4) 


02 


0.162 (8) 0.073 (5) 


0.150(7) 


-0.005 (5) 


-0.045 (5) 


0.023 (5) 


03 


0.140(7) 0.146(8) 


0.178 (8) 


-0.042 (6) 


-0.081 (6) 


0.048 (6) 


CI 


0.065 (5) 0.053 (6) 


0.059 (6) 


0.003 (4) 


-0.006 (4) 


0.005 (5) 


C2 


0.063 (5) 0.054 (6) 


0.055 (6) 


0.002 (4) 


-0.008 (4) 


0.010(5) 


C3 


0.068 (5) 0.039 (5) 


0.049 (5) 


0.003 (4) 


-0.006 (4) 


0.006 (4) 


C4 


0.082 (6) 0.051 (5) 


0.062 (6) 


0.012(5) 


-0.011 (5) 


0.004 (5) 


C5 


0.082 (6) 0.060 (6) 


0.055 (6) 


0.009 (5) 


-0.007 (5) 


-0.002 (5) 


C6 


0.088 (6) 0.068 (6) 


0.053 (6) 


0.012(5) 


-0.009 (4) 


0.005 (5) 


C7 


0.082 (6) 0.057 (6) 


0.057 (6) 


0.007 (5) 


-0.005 (5) 


0.014(5) 


C8 


0.190(11) 0.079(8) 


0.094 (8) 


0.007 (8) 


-0.014(8) 


-0.016(6) 


C9 


0.069 (6) 0.036 (5) 


0.073 (6) 


-0.009 (4) 


-0.001 (5) 


0.001 (4) 
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CIO 


A Afl/I /OA 

0.094 (/j 


A AAA / AA 

O.Ooo (6) 


A AOO /OA 

O.Ooo (0) 


A AAO /CA 

0.00/ (5) 


A AAO /AA 
0.00/ (6) 


A AAA /CA 

0.000 (5) 


Cll 


A IT) /1 A A 

0. 122 (10) 


A AAA /OA 

0.060 (/) 


A 1 A1 /AA 

0.103 (9) 


A A A 1 /AA 
0.001 (6) 


A A/1 C /OA 

0.045 (0) 


A AAA /AA 

-0.009 (6) 


C12 


a m / 1 a\ 

0.12 / (10) 


A AlO /OA 

0.0 /o (o) 


A AO/1 /OA 

0.0o4 (9) 


A AOO /OA 

— O.Ozo (0) 


A AOC /OA 

0.025 (0) 


A A 1 O /OA 

—O.Olo (/) 


C13 


aii/" /n\ 

0.1 16 (9) 


A AAA /OA 

0.09o (o) 


a (\nn /oa 
0.0/ / (0) 


A A1 H /OA 

—0.01 / (/) 


A AAO /AA 

—0.002 (0) 


A A 1 A /AA 

—0.010 (6) 


Z" 1 1 /I 

C14 


A AO C /AA 

O.OOO (6) 


A AT 1 /AA 

0.0/1 (6) 


A AAO /AA 

O.Ooz (0) 


A A 1 1 /CA 

—0.011 (5) 


A A 1 A /C A 
0.010 (5) 


A A 1 O /CA 

—0.013 (5) 


/"' 1 C 


a ac c /c a 
0.055 (3) 


A A/1 O /CA 

0.04o (5) 


A AlO /AA 

0.0 11 (0) 


A AAO //IA 

— O.OOz (4) 


A AA/I (A A 

—0.004 (4) 


A AA1 f A A 

0.003 (4) 


C16 


A AlO /AA 

0.0/5 (6) 


A AC/; /AA 

0.056 (6) 


A AOA /"TA 
O.O06 (/) 


A AAA /CA 

—0.006 (5) 


A AA/1 /CA 

0.004 (5) 


A AAO /CA 

—0.002 (5) 


CI / 


a mo /OA 

O.O/o (/) 


A AA/1 /OA 

0.064 ( /) 


A 1 1 O /AA 

0.113 (9J 


A A 1 C /C A 

—0.015 (5) 


A A 1 A /AA 

0.010 (6) 


A AAO /AA 

—0.002 (0) 


Clo 


A AOA /OA 

o.ooo (/) 


A AAC /OA 

0.065 ( /) 


a 1 f\n tew 
0.10/ (9) 


A AAA /CA 

— O.OOo (5 ) 


A A 1 0 /AA 

—0.013 (0) 


A A 1 A /AA 

—0.010 (O) 


C19 


A AO C /OA 

0.0o5 (/) 


A AAO /OA 

0.06o (/) 


A AAO /*7A 

0.093 (/) 


A AAO /CA 

—0.003 (5) 


A AAC /AA 

—0.005 (6) 


A AO A /CA 

—0.024 (5) 


C20 


a mo /aa 
0.0 11 (6) 


A AAO /AA 

0.062 (6) 


A AOC /*7A 

0.0o5 (/) 


A AAC /CA 

—0.005 (5) 


A AAA /CA 

—0.009 (5) 


A AAO /CA 

—0.00/ (5) 


C21 


A ACA 

0.056 (5) 


A A/1 A /C A 

0.046 (5) 


A AOI /AA 

0.0/3 (0) 


A AA 1 //I A 
0.001 (4) 


A AA 1 f A A 

—0.001 (4) 


A AAA //IA 

—0.006 (4) 


C22 


A AOA /OA 

O.Ooo ( /) 


A AC/1 /'AA 

0.054 (0) 


A 1 O 1 (Q\ 

0.1Z1 (0) 


A AAO /CA 

—0.003 (5) 


A AOA /AA 

—0.020 (0) 


A AAO /AA 

0.009 (0) 


C23 


A 1 AC /OA 

0.105 (o) 


A AOA /OA 

O.OoO (0) 


A 1 O A /1 AA 
0.139 (10) 


A AAA /OA 

O.OOo (/) 


A A/1 O /OA 

—0.042 (/) 


A AO "5 /OA 
0.023 (/) 


C24 


A 1 A/1 /OA 

0.104 (o) 


A A/1 O /AA 

0.04/ (6) 


A 1 1 O /OA 

0.113 (0) 


A A 1 O /AA 

0.013 (0) 


A A 1 A /AA 

—0.010 (0) 


A A1 C /AA 

0.015 (6) 


C25 


A AAO /OA 

0.090 (oj 


A A/1 O 

0.04o (0) 


A 1 AA /OA 

0.106 (0) 


A AA1 /AA 

0.001 (0) 


A AA1 /AA 
0.001 (6) 


A AAC /CA 

0.005 (5) 


Czo 


a aoo /aa 
0.0o3 (6) 


A A/1 1 /CA 

0.043 (5) 


A AOA /"AA 
O.O06 (6) 


A AAC /CA 

0.005 (5) 


A A1 A /CA 

— O.Olo (5) 


A AAA /CA 
0.000 (5) 


r^oo 
Cz / 


a mi /aa 
0.0/3 (6) 


A A/1 O /CA 

0.04Z (3) 


A ACA /AA 

0.056 (0) 


A AA 1 (A A 
0.001 (4) 


A AAC (A A 

—0.005 (4) 


A AAO //IA 

—0.003 (4) 


Czo 


A AO C 

0.085 (6) 


A ACA 

0.059 (0) 


0.067 (6) 


A /C\ 

0.002 (5) 


A AA£ /C\ 

0.006 (5) 


A A 1 /I /C\ 

0.014 (5) 


C29 


A AA 1 /OA 

0.091 (/) 


A AjCO SH\ 
0.060 (/) 


A AA 1 ZO\ 

0.091 (0) 


A A1 1 /CA 

0.011 (5) 


A AAO /AA 

—O.OOo (0) 


A AO C /AA 

0.025 (6) 


C30 


A 1 AO /OA 

0.103 (o) 


A AAO (£\ 

0.06Z (0) 


A A£A /a\ 


A A 1 A /AA 

—0.010 (6) 


A AOO /AA 

—0.02 / (6) 


A A 1 O /CA 

0.012 (5) 


C31 


A 1 1 A /OA 

0.114 (o) 


A AAA SH\ 

0.066 (1) 


0.064 (6) 


A AAC /AA 

—0.005 (6) 


A AA/1 /AA 
0.004 (6) 


A AAO /CA 

O.OOo (5) 


C32 


A AAO SH\ 

0.092 (7) 


A AC O 

0.05o (0) 


A A/n 

0.067 (6) 


A AAC /C\ 

0.005 (5) 


A AA£ /C\ 

0.006 (5) 


A AA1 /CA 

—0.003 (5) 


C33 


A AOO i AA 

0.0/ / (6) 


A A A1 /c\ 
0.04/ (5) 


A A£A 

0.060 (6) 


A AAO {A \ 

O.OOz (4) 


A AA1 //IA 

0.003 (4) 


A AAC //IA 

—0.005 (4) 


C34 


A 1 AO /OA 

0. 109 ( /) 


A ACA i£\ 

0.056 (0) 


0.0 lb { /) 


A AAO 1 Z.\ 

—0.00b (D) 


A A1 C /AA 

—0.015 (0) 


A A 1 A /CA 

—0.010 (5 ) 


C35 


A 1 1 A / A A 

0.139 (9) 


A ATC ZO\ 

0.0/5 (oj 


A AOA ZO\ 

0.089 (0) 


A A 1 a tn\ 
-0.010 (/) 


A AOO /AA 

—0.03 / (0) 


A A 1 1 /AA 

—0.011 (6) 


C36 


0.126 (9) 


A AjC A ZO\ 

0.064 (0) 


A 1 AA /A\ 

0.109 (9) 


A A 1 A f £\ 

-0.010 (6) 


A A 1 A /n\ 

-0.019 (7) 


A AT C /"7\ 

-0.025 (7) 


C3 / 


A 1 TO ZO\ 

0.1/5 (s) 


A A/1 C /AA 

0.045 (6) 


A AAO ZO\ 

0.092 (5) 


A AA/C { £\ 

-0.006 (6) 


a a 1 1 t a\ 
—0.011 (6) 


A AA/1 /C\ 

—0.004 (3) 


C3o 


a i A£ rn\ 
0. 106 ( /) 


A ACO /"AA 

0.05z (0) 


a mo f£\ 
0.0 /y (0) 


A AA£ ( Z.\ 

—0.006 (d) 


— 0.01J (j) 


A AAO {Z\ 

o.ooy (3 ) 


C39 


A ATC 

0.0/3 (6) 


A AC1 /C\ 

0.053 (5) 


0.061 (6) 


A AA/I /C\ 

0.004 (3) 


A AA 1 1 Z\ 

—0.001 (3) 


A AAC 1 A \ 

—0.003 (4) 


C40 


0.0/b (/) 


A AA/1 /A\ 

0.064 (6) 


A AOA //Z\ 
0.080 (6) 


A AA/: /C\ 

0.006 (3) 


A AAC /C\ 

—0.003 (3) 


A AAA i Z'\ 

—0.009 (3) 




0 064 ^6"! 


W.WoO ^ / J 


o no? (i\ 


—0 011 (f\\ 


—0 00^! C\\ 


—0 008 (f\\ 


C42 


0.079 (7) 


0.113 (9) 


0.116(9) 


0.001 (7) 


-0.001 (7) 


-0.015 (7) 


C43 


0.093 (9) 


0.119(10) 


0.133 (10) 


0.018 (8) 


0.014(7) 


-0.045 (8) 


C44 


0.082 (8) 


0.091 (8) 


0.099 (8) 


-0.001 (6) 


0.001 (6) 


-0.025 (6) 


C45 


0.219(16) 


0.153 (15) 


0.176(14) 


-0.013 (12) 


-0.046(11) 


-0.046 (12) 


C46 


0.225 (17) 


0.24 (2) 


0.215 (17) 


-0.121 (16) 


-0.117(14) 


0.093 (15) 



Geometric parameters (A, °) 



Cul— P2 


2.292 (2) 


CI 9— C20 


1.389 (11) 


Cul— PI 


2.306 (2) 


C19— H19 


0.9300 


Cul— SI 


2.407 (2) 


C20— H20 


0.9300 


Cul— Cll 


2.456 (2) 


C21— C22 


1.373 (10) 


PI— C9 


1.822 (8) 


C21— C26 


1.382 (10) 


PI— C15 


1.825 (8) 


C22— C23 


1.405 (12) 


PI— C21 


1.835 (8) 


C22— H22 


0.9300 


P2— C39 


1.828 (8) 


C23— C24 


1.365 (12) 


P2— C33 


1.838 (8) 


C23— H23 


0.9300 


P2— C27 


1.853 (8) 


C24— C25 


1.348 (11) 
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SI — CI 


1 ti(\Z /o\ 

1.695 (8) 


Nl — CI 


1 O /" O /ON 

1.362 (8) 


Nl — C3 


1 Tno /o\ 

1.398 (8) 


XT1 TT1 

Nl — HI 


0.8600 


N2 — CI 


1 TCI /0\ 

1.352 (8) 


N2 — C2 


1.387 (9) 


JN2 — Hi 


0.8600 


01 — C5 


1 1/1 /A\ 

1.363 (9) 


/"A 1 p o 

Ol — Co 


1 .429 (1U) 


*"iO r 

02 — C45 


1 A A'? /I T\ 

1.403 (13) 


p,o T_J'~) A 

U2 — HzA 


0.82U0 


p»o /"M /: 

U3 — C4o 


1 A 1 A /1 /1\ 

1.410 (14) 


/~\0 TTO 

(J3 — H3 


A OTAA 

0.8200 


Cz — C/ 


1 ^ oi /1 a\ 
1.J0 / (10) 


C2 — C3 


1 1 O O /A\ 

1.388 (9) 


P O p A 

C3 — C4 


1 O *7A / 1 A\ 

1.370 (10) 


C4 — C5 


1 lOI /1 A\ 

1.382 (10) 


P A TT A 

C4 — H4 


A AO A A 

0.9300 


C5 — C6 


1.395 (10) 


Co — C7 


1 TCT /I A\ 

1.352 (10) 


Co — Ho 


0.930U 


p^7 TTT 

C7 — H7 


A m AA 

0.9300 


C8 — H8A 


0.9600 


Co — H8B 


A A£AA 

0.9600 


Co — HoC 


a a^aa 
0.96U0 


C9 — C14 


1.378 (10) 


C9 — CIO 


1 yl A A / 1 1 \ 

1.409 (11) 


CIO — Cll 


1 /I AO / 1 O \ 

1.403 (12) 


1 A TJ1A 

CIO — HID 


A mAA 

0.9300 


Cll — Cl2 


1 O O Z" / 1 O \ 

1.336 (13) 


Cll — Hll 


A AO A A 

0.9300 


C12 — C13 


1.344 (13) 


rin tj i o 

Clz — Hlz 


A A1AA 

0.9300 


C13 — C14 


1 TOT /1 1N 

1.387 (11) 


f ' 1 O Til O 

C13 — H13 


A AO A A 

0.9300 


1 A TT 1 /I 

C14 — H14 


A AO A A 

0.9300 


C 1 5 — C 1 6 


1 O *70 / 1 A\ 

1.378 (10) 


C15 — C20 


1 o on / 1 a\ 

1.387 (10) 


C16— C17 


1.397 (11) 


C16— H16 


0.9300 


ph pi o 

C17 — C18 


1 O *7A / 1 0\ 

1.370 (12) 


PH tii n 

C17 — H17 


A AO AA 

0.9300 


1 o pin 

Clo — C19 


1.366 (12) 


PIO TJ1 O 

Clo — Hlo 


A mAA 

U.930U 


P2— Cul— PI 


122.03 (8) 


P2— Cul— SI 


102.05 (8) 


PI— Cul— SI 


112.28 (8) 


P2— Cul— Cll 


108.42 (7) 



a Tn a 

C24 — H24 


A AO AA 

0.9300 


p o r p -\ /_ 

C25 — C26 


1.368 (11) 


/-lit TT/l r 

C25 — H25 


A AO AA 

0.9300 


t to n 

C26 — H26 


A AO A A 

0.9300 


p o -7 POO 

C27 — C28 


1 O C A / 1 AA 

1.359 (10) 


pi/in POO 

C27 — C32 


1 O ~7 1 /I A\ 

1.371 (10) 


POO POA 

C28 — C29 


1 Af\ A / 1 A\ 

1.404 (10) 


PTO T TO O 

C28 — H28 


A AO AA 

0.9300 


Pin po a 

C29 — C30 


1 O /I C /1 1 \ 

1.345 (11) 


P OA T TO A 

C29 — H29 


A AO A A 

0.9300 


C30 — C31 


1 OC1 / 1 1 \ 

1.351 (11) 


PTH T TO A 

C30 — H30 


A AO AA 

0.9300 


p O 1 poo 

C31 — C32 


1 000 / 1 1 \ 
1.383 (11) 


PO 1 TTO 1 

C3l — H3l 


A AO A A 

0.9300 


P OO T TO O 

C32 — H32 


A AO AA 

0.9300 


P O O P O O 

C33 — C38 


1 OA/1 /I 1\ 

1.394 (11) 


poo po /I 

C33 — C34 


1 OAQ /1 A\ 

1.398 (10) 


PO A PO C 

C34 — C35 


1 OOO / 1 o\ 

1.388 (12) 


P O /I T TO A 

C34 — H34 


A AO A A 

0.9300 


p^f PO 

C35 — C36 


1 O OA / 1 O \ 

1.380 (13) 


C35 — H35 


A m AA 

0.9300 


C36 — C37 


1 "7A /I T\ 

1.370 (12) 


P O TTO/" 

C36 — H36 


A AO AA 

0.9300 


p 0 *7 POO 

C37 — C38 


1 0*71 

1.371 (11) 


p O ^7 TTO T 

C37 — H37 


Am A A 

0.9300 


P O O T TO O 

C38 — H38 


A AO AA 

0.9300 


/"I O iO /~1 /I A 

C39 — C44 


1.370 (ll) 


p^A P /I A 

C39 — C40 


1 O O "7 / 1 A\ 

1.387 (10) 


C40 — C41 


1 TOT /I A\ 

1.387 (10) 


P /I A T T A A 

C40 — H40 


A AO A A 

0.9300 


P /I 1 P /I O 

C41 — C42 


1 OOO /10\ 

1.332 (12) 


P /I 1 TTyl 1 

C41 — H4l 


A AO AA 

0.9300 


C42 — C43 


1 0/IO/10\ 

1.348 (13) 


P /I O T T /I O 

C42 — H42 


A AO A A 

0.9300 


P /I O P /I A 

C43 — C44 


1 OAC 

1.395 (11) 


P A O TT /I O 

C43 — H43 


A AO AA 

0.9300 


A A J J A A 

C44 — H44 


A AO AA 

0.9300 


C45— H45A 


0.9600 


/"'AC TT^ICFJ 

C45 — H45B 


A A/TAA 

0.9600 


C45— H45C 


0.9600 


A C IT A £ \ 

C46 — H46A 


A AjCAA 

0.9600 


P A f~ T T A f T"l 

C46 — H46B 


A A/"AA 

0.9600 


P/1/" T T /I /"P 

C46 — H46C 


A A/"AA 

0.9600 


CI 5— C20— C19 


121.5 (8) 


CI 5— C20— H20 


119.2 


CI 9— C20— H20 


119.2 


C22— C21— C26 


117.5 (8) 
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T~> 1 p , , 1 p 1 1 

PI — Cul — Cll 


1 A") 1 A /"7\ 

103.10 (7) 


SI — Cul — Cll 


1 AO C A /*7\ 

108.54 (7) 


f • (\ Tt I PIC 

C9 — rl — C15 


1 A /I C i A \ 

104.5 (4) 


p t \ t\ i PO 1 

C9 — rl — C21 


1 A A 1 / A \ 

100.1 (4) 


pi r m p o 1 

LI 5 — rl — C21 


1 AO A /O \ 

102.9 (3) 


PA T"> 1 /"". . 1 

C9 — PI — Cul 


1 1 C A /O \ 

115.9 (3) 


/~> 1 c ti 1 z -1 ,, 1 

CI 5 — PI — Cul 


1 1 i o /O \ 

113.8 (3) 


C21 — PI — Cul 


linn /") \ 

117.7 (3) 


C39 — rz — C33 


1 AO C i A\ 

102.3 (4 J 


C39 — P2 — C27 


1 AO ZT / /I \ 

102.6 (4) 


C33 — P2 — C27 


1 AT C / A\ 

103.5 (4) 


C39 — P2 — Cul 


114.8 (3) 


POO Til /^"" . . 1 
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poo po/i poc p'j/; 
C33 — C34 — C35 — C36 


n (\ /i n 

0.9 (15) 


P O A P O C P O /" P O T 

C34 — C35 — C36 — C37 


-2.2 (16) 


PTf p ") /_ POO" p ") o 

C35 — C36 — C37 — C38 


O H ( 1 C\ 

2.7 (15) 


po^: pot poo poo 

C36 — C37 — C38 — C33 


O 1 /1 /1\ 

-2.1 (14) 


p o /I PTO p ") o p -) o 

C34 — C33 — C38 — C37 


A A / 1 O \ 

0.9 (13) 


no /"'oo p t o pot 

P2 — C33 — C38 — C37 


-176.7 (7) 


po o no po a p /i /i 

C33 — P2 — C39 — C44 


-15.7(9) 


poo no pin a a 

L27 — rz — C39 — C44 


A1 A iO\ 

91.4 (8) 


p. . 1 f-j o POA /I /I 

Cu 1 — rz — C3 9 — C44 


1 A A /0\ 

-140.6 (7) 


/"'oo no pifi p A A 

C33 — P2 — C39 — C40 


165.6 (6) 


PO"7 DO POA PylA 

C27 — P2 — C39 — C40 


on -} /o\ 

-87.3 (7) 


P.. 1 TIO POA P A A 

Cul — P2 — C39 — C40 


Af\ n /OA 

40. / (/) 


C44— C39— C40— C41 


-2.0(13) 


P2— C39— C40— C41 


176.8 (7) 


C39— C40— C41— C42 


2.3 (14) 


C40— C41— C42— C43 


-0.4 (17) 


C41— C42— C43— C44 


-1.8(18) 
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Cul— PI— C15— C16 


-131.3 (6) 




C40- 


-C39— C44- 


-C43 


-0.3 (14) 


C9— PI— CI 5— C20 


176.0(6) 




P2— 


-C39 C44 


-C43 


-178.9(8) 


C21— PI— CI 5— C20 


-79.8 (6) 




C42- 


C43 C44- 


C39 


2.2(17) 


Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 




U-A 


D-A 


D — H—A 


Nl— Hl-Cll 




0.86 




2.30 


3.136(6) 


165 


N2— H2-02 




0.86 




2.08 


2.893 (9) 


157 


02— niA-oy 




0.82 




2.00 


2.728 (10) 


148 


03— H3-Cll a 




0.82 




2.35 


3.170 (8) 


176 



Symmetry codes: (i) -x+l, -y+l, -z; (ii) x+l,y, z. 
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